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(57) Disclosed is a laundry treatment apparatus,
which directly heats a drum accommodating laundry
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The laundry treatment apparatus includes a drum formed
of ametal material and provided to accommodate laundry
therein, aninduction module spaced apart from a circum-
ferential surface of the drum and provided to heat the
circumferential surface of the drum via a magnetic field
that is generated when current is applied to a coil, a lifter
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when the drum rotates, and a module controller config-
ured to control an output of the induction module so as
to control an amount of heat generated from the circum-
ferential surface of the drum. The module controller var-
iably controls the amount of heat that is generated based
on a change in a position of the lifter that occurs when
the drum rotates.
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The presentinvention relates to alaundry treat-
ment apparatus, which directly heats a drum accommo-
dating laundry therein, and which is enhanced in efficien-
cy and safety.

Discussion of the Related Art

[0002] A laundry treatment apparatus is an apparatus
for treating laundry and has functions to wash, dry, and
refresh laundry.

[0003] There are various types of laundry treatment
apparatuses, such as a washing machine that is mainly
for washing laundry, a washing machine that is mainly
for drying, and a refresher that is mainly for refreshing.
[0004] Then, there is a laundry treatment apparatus
capable of performing at least two laundry treatments
among washing, drying, and refreshing. For example, a
single washing and drying machine may perform all of
washing, drying, and refreshing.

[0005] Inrecentyears, there has been provided a laun-
dry treatment apparatus that incorporates two treatment
apparatuses so that the two treatment apparatuses per-
form washing at the same time, or perform washing and
drying at the same time.

[0006] Thelaundrytreatmentapparatus maygenerally
include a heating device that heats wash water or air.
Heating of the wash water may be performed to raise the
temperature of wash water so as to promote activation
of a detergent and accelerate decomposition of contam-
inants, thereby enhancing washing performance. Heat-
ing of the air may be performed to dry wet laundry by
applying heat to the wetlaundry so as to evaporate mois-
ture.

[0007] In general, the heating of the wash water is per-
formed via an electric heater, which is mounted on a tub
in which the wash water is accommodated. The electric
heaterisimmersedin the wash water, and the wash water
includes foreign substances and detergents. Therefore,
foreign substances, such as scale, may accumulate on
the electric heater, which may degrade the performance
of the electric heater.

[0008] Inaddition, the heating of the air requires a sep-
arate element, such as afan for forcibly generating move-
ment of the air and a duct for guiding the movement of
the air. For example, an electric heater or a gas heater
may be used for heating the air. In general, the efficiency
of such an air heating method is not high.

[0009] Inrecentyears, there has been provided a dry-
ing machine for heating air using a heat pump. The heat
pump utilizes the cooling cycle of an air conditioner in
reverse, and thus requires the same elements as those
ofan air conditioner, namely an evaporator, a condenser,
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an expansion valve, and a compressor. Unlike the air
conditioner in which a condenser is used in an indoor
unit to lower the temperature of indoor air, the drying
machine using the heat pump is configured to dry laundry
by heating air in an evaporator. However, such a drying
machine using the heat pump has a complicated config-
uration and increased manufacturing costs, which is
problematic.

[0010] In such a variety of laundry treatment appara-
tuses, an electric heater, a gas heater, and a heat pump,
which serve as a heating device, have advantages and
disadvantages, respectively, and concepts for a laundry
treatment apparatus that uses induction heating as anew
heating method capable of further highlighting the ad-
vantages of the aforementioned devices and compen-
sating for the disadvantages thereof have been provided
(Japanese Patent Registration No. JP2001070689 and
Korean Patent Registration No. KR10-922986).

[0011] However, the related art discloses only basic
concepts for performing induction heating in a washing
machine, and does not propose specific constituent ele-
ments of an induction heating module, connections or
operational relationships with basic constituent elements
of the laundry treatment apparatus, or specific methods
and configurations for enhancing efficiency and securing
safety.

[0012] Therefore, it is necessary to provide a variety
of specific technical ideas for enhancing efficiency and
securing safety of the laundry treatment apparatus to
which an induction heating principle is applied.

SUMMARY OF THE INVENTION

[0013] Accordingly, the presentinvention is directed to
a laundry treatment apparatus and a method of control-
ling the same that substantially obviate one or more prob-
lems due to limitations and disadvantages of the related
art.

[0014] Itis an object of the presentinvention to provide
a laundry treatment apparatus that is enhanced in effi-
ciency and safety while using induction heating.

[0015] According to an embodiment of the present in-
vention, it is an object to provide a laundry treatment ap-
paratus that effectively prevents overheating from occur-
ring in a lifter provided in a drum, thereby enhancing safe-
ty and a method of controlling the same. In particular, it
is an object to provide a laundry treatment apparatus that
faithfully maintains the basic functions of a lifter and en-
hances stability and a method of controlling the same.
[0016] According to an embodiment of the present in-
vention, it is an object to provide a laundry treatment ap-
paratus that is capable of preventing overheating from
occurringin a portion of adrum in which a lifteris mounted
without changing the shapes of the drum and the lifter
and a method of controlling the same.

[0017] According to an embodiment of the present in-
vention, it is an object to provide a laundry treatment ap-
paratus that is capable of grasping the position of a lifter
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and reducing the amount of heat generated in a portion
of the circumferential surface of a drum corresponding
to the lifter, thereby reducing energy loss and preventing
breakage of the lifter and a method of controlling the
same.

[0018] According to an embodiment of the present in-
vention, it is an object to provide a laundry treatment ap-
paratus that is capable of uniformly heating a space in
which laundry is accommodated by performing heating
not only on a drum but also on a lifter. In particular, it is
an object to provide a laundry treatment apparatus that
is capable of preventing overheating of a lifter by lowering
the heating temperature of a portion of a drum in which
the lifter is mounted relative to that of a remaining portion
of the drum in which the lifter is not mounted and capable
of increasing heating efficiency by allowing heat transfer
through the lifter and a method of controlling the same.
[0019] According to an embodiment of the present in-
vention, it is an object to provide a laundry treatment ap-
paratus that is enhanced in stability and efficiency while
minimizing changes in the shape and structure of a con-
ventional drum and lifter and a method of controlling the
same.

[0020] According to an embodiment of the present in-
vention, it is an object to provide a laundry treatment ap-
paratus that controls the output of an induction module
based on a sensed or estimated position of a lifter, there-
by preventing overheating of the lifter and increasing
heating efficiency and a method of controlling the same.
[0021] Additional advantages, objects, and features
will be set forth in part in the description which follows
and in part will become apparent to those having ordinary
skill in the art upon examination of the following or may
be learned from practice. The objectives and other ad-
vantages may be realized and attained by the structure
particularly pointed out in the written description and
claims hereof as well as the appended drawings.
[0022] To achieve these objects and other advantages
in accordance with the purpose of the invention, as em-
bodied and broadly described herein, in accordance with
one aspect of the present invention, a laundry treatment
apparatus includes a drum formed of a metal material
and provided to accommodate laundry therein, an induc-
tion module spaced apart from a circumferential surface
of the drum and provided to heat the circumferential sur-
face of the drum via a magnetic field that is generated
when current is applied to a coil, a lifter provided in the
drum to move the laundry inside the drum when the drum
rotates, and a module controller configured to control an
output of the induction module so as to control an amount
of heat generated from the circumferential surface of the
drum, wherein the module controller variably controls the
amount of heat that is generated based on a change in
a position of the lifter that occurs when the drum rotates.
[0023] The module controller may perform control so
that an amount of heat in the drum at a facing position
of the lifter, at which the lifter faces the induction module,
is less than an amount of heat in the drum at a position
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of the lifter deviating from the facing position.

[0024] Specifically, the module controller may reduce
the output of the induction module to zero or to be lower
than a normal output when the lifter is positioned to face
the induction module and may perform control so that
the output of the induction module is the normal output
when the lifter is not positioned to face the induction mod-
ule.

[0025] The lifter may be mounted on an inner periph-
eral surface of the drum. Specifically, the lifter may be
formed of a plastic material.

[0026] In order to sense the position of the lifter, the
laundry treatment apparatus may further include a mag-
net provided in the drum so that a position thereof relative
to the lifter is fixed, and a sensor provided at a fixed po-
sition outside the drum to sense the position of the lifter
by sensing a change in the position of the magnet as the
drum rotates.

[0027] When the rotation angle of the cylindrical drum
ranges from 0 degrees to 360 degrees, by sensing the
position of the magnet, the position of the lifter, provided
to form a predetermined angle with the position of the
magnet, may be estimated.

[0028] The sensor may include a reed switch or a hall
sensor configured to output different signals or flags ac-
cording to whether or not the magnet is sensed.

[0029] The magnet may be provided on the drum, and
the sensor may be provided on the tub. In order to min-
imize the effect of the magnetic field generated from the
induction module, the sensor may be mounted on the tub
at a position opposite to a position on the tub at which
the induction module is mounted.

[0030] The laundry treatment apparatus may further
include a main controller configured to control driving of
a motor that rotates the drum, and the main controller
may be provided so as to communicate with the module
controller.

[0031] The lifter may include a plurality of lifters pro-
vided in a circumferential direction of the drum. The mag-
net may be provided in the same number as the lifter,
and the sensor may sense the position of each lifter by
sensing the position of a corresponding magnet and may
transmit a sensing output to the module controller.
[0032] Inoneexample, when three lifters are provided,
three magnets may be provided. The lifters and the mag-
nets may be located at the same angular distance. Thus,
when one magnet is sensed, the position of the adjacent
lifter may be estimated. In this case, it is possible to rel-
atively accurately estimate the position of each lifter even
for a period during which the RPM of the drum varies.
[0033] The magnet may be provided only in a singular
number regardless of a number of the lifters, and the
sensor may be provided to sense the position of a specific
lifter by sensing the position of the magnet and transmit
an output to the main controller, and the main controller
may be provided to estimate the position of each of the
remaining lifters via the output of the sensor and arotation
angle of the motor.
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[0034] Thisiseconomical because the numberof mag-
nets may be reduced. When the position of any one lifter
is estimated based on the position of the magnet, it is
possible to relatively accurately estimate the positions of
the remaining lifters in consideration of the current RPM
and the angle between the respective lifters. However,
it may be difficult to accurately estimate the positions of
the lifters for a period during which the RPM of the drum
varies.

[0035] The circumferential surface of the drum may be
formed with an embossing pattern repeated along the
circumferential surface, and formation of the embossing
pattern may be eliminated on a portion of the circumfer-
ential surface of the drum on which the lifter is mounted.
[0036] The embossing pattern protrudes from or is re-
cessed in the circumferential surface of the drum. Thus,
a portion in which the embossing pattern is formed may
have a smaller area of a surface thereof that faces the
induction module, compared to the other portion in which
the embossing pattern is not formed. Thus, at a pointin
time at which the embossing pattern faces the induction
module, the value of current flowing in the induction mod-
ule or the output (power) of the induction module may
increase.

[0037] On the other hand, a portion of the circumfer-
ential surface of the drum corresponding to a lifter mount-
ing portion in which the lifter is mounted faces the induc-
tion module over a larger area and is spaced apart from
the induction module by a smaller distance. Thus, the
value of current flowing in the induction module or the
output of the induction module may decrease.

[0038] The embossing pattern and the lifter mounting
portion are repeatedly and regularly formed in the cir-
cumferential direction of the drum. Thus, it is possible to
estimate the position of the lifter based on a change in
the current or the output of the induction module depend-
ing on the rotation angle of the drum. That s, itis possible
to relatively accurately estimate the position of the lifter
even when a sensor is not provided to sense the rotation
angle of the drum.

[0039] That is, the module controller may be provided
to estimate the position of the lifter via a change in power
or current of the induction module due to presence or
absence of the embossing pattern facing the induction
module that occurs when the drum rotates. In other
words, it is possible to estimate the position of the lifter
based on a change in the output of the induction module
from the module controller that controls the output of the
induction module.

[0040] Inordertoachievethe objects described above,
according to another aspect of the present invention, a
method of controlling a laundry treatment apparatus in-
cluding a drum formed of a metal material and provided
to accommodate laundry therein, an induction module
spaced apart from a circumferential surface of the drum
and provided to heat the circumferential surface of the
drum via a magnetic field that is generated when current
is applied to a caoil, a lifter provided in the drum to move
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the laundry inside the drum when the drum rotates, and
a module controller configured to control an output of the
induction module so as to control an amount of heat gen-
erated from the circumferential surface of the drum, in-
cludes operating the induction module, controlling, by the
module controller, the induction module to generate a
normal output, sensing a position of the lifter, and reduc-
ing the output of the induction module by the module
controller when the position of the lifter is sensed.
[0041] The method may further include determining
whether or not to perform the reducing regardless of
whether or not the position of the lifter is sensed.
[0042] The determining whether or not to perform the
reducing is performed based on a rotational speed of the
drum or based on the operation that is being performed.
[0043] When the rotational speed of the drum is equal
to or greater than a spin speed, which is higher than a
tumbling speed, the laundry rotates in close contact with
the inner peripheral surface of the drum. The tumbling
speed means a speed at which the laundry is lifted by
the lifter when the drum rotates. When the rotational
speed of the drum becomes greater than the tumbling
speed and reaches the spin speed, the centrifugal force
becomes greater than acceleration due to gravity, and
the laundry is in close contact with the inner peripheral
surface of the drum to integrally rotate with the drum with-
out falling down.

[0044] When the laundry is in close contact with the
inner peripheral surface of the drum, this means that heat
transfer between the drum and the laundry may continue.
Thus, in this case, it is not necessary to variably control
the output of the induction module.

[0045] Inthe determining whether or not to perform the
reducing, when the rotational speed of the drum is equal
to or less than a predetermined speed, the reducing may
be performed. When the rotational speed of the drum
exceeds the predetermined speed, the reducing may not
be performed. The predetermined speed may be, for ex-
ample, 200 RPM.

[0046] The laundry treatment apparatus may further
include a tub configured to accommodate the drum and
store wash water therein, and, in the determining, the
reducing is not performed in a washing operation in which
the wash water is stored in the tub.

[0047] In the case of the washing operation, a portion
of the circumferential surface of the drum is immersed in
the wash water inside the tub. Thus, when the drum ro-
tates, heat generated in the drum may be very effectively
transferred to the wash water. Hence, in the case of the
washing operation, control for a reduction in output may
not be necessary.

[0048] The reducing may be performed when a facing
position of the lifter at which the lifter faces the induction
module is sensed in the sensing.

[0049] In the reducing, the output may be controlled
so as to be less than the normal output, or is turned off.
[0050] The method may furtherinclude sensingavalue
of current flowing in the induction module or power of the
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induction module, and the sensing the position of the lifter
may include estimating the position of the lifter via a
change in the value of current or the power. This may be
very economical because no sensor is required.

[0051] The laundry treatment apparatus may further
include a magnet provided in the drum so that a position
thereof relative to the lifter is fixed, and a sensor provided
at a fixed position outside the drum to sense the position
of the lifter by sensing a change in a position of the mag-
net as the drum rotates, and the sensing may include
sensing the position of the lifter based on an output value
of the sensor.

[0052] The lifter may include a plurality of lifters pro-
vided in a circumferential direction of the drum at a con-
stant interval, the laundry treatment apparatus may in-
clude a single magnet provided in the drum such that a
position thereof relative to a specific lifter among the lift-
ers is fixed, and a sensor provided at a fixed position
outside the drum to sense a a position of the specific lifter
by sensing a change in the position of the single magnet
asthe drumrotates, and the sensing may include sensing
the position of the lifter based on an output value of the
sensor and estimating a position of a remaining lifter
based on a rotation angle of the drum or a rotation angle
of a motor that drives the drum.

[0053] The reducing may be performed when a facing
position of the lifter at which the lifter faces the induction
module is sensed.

[0054] In the above-described embodiments, control
may be performed so that the output of the induction mod-
ule varies after the induction module is operated. That
is, the output of the induction module may vary after the
induction module reaches a normal output.

[0055] Due to the positional relationship between the
induction module and the drum and the shapes of the
induction module and the drum, the induction module
substantially heats only a specific portion of the drum.
Thus, when the induction module heats the drum that is
in the stopped state, the specific portion of the drum may
be heated to a very high temperature. Thus, it is neces-
sary to rotate the drum in order to prevent overheating
of the drum. That is, the drum may be rotated in order to
change the portion thereof that is heated.

[0056] Accordingly, the drum may be rotated prior to
operating the induction module. In a washing machine
or a drying machine, the rotational speed of the drum is
generally setto arotational speed at which tumbling driv-
ing of the drum is possible. The drum is directly acceler-
ated from the stopped state to the tumbling driving speed.
In addition, for the tumbling driving, the drum may be
rotated forward and in reverse. That is, the drum may
stop after continuing tumbling driving in the clockwise
direction, and then again perform tumbling driving in the
counterclockwise direction.

[0057] Even when the rotational speed of the drum is
very low, similarly, a specific portion of the drum may be
overheated. For example, when the tumbling driving
speed is 40 RPM, a predetermined time is consumed
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until the drum rotates from the stopped state to 40 RPM.
Thus, the point in time at which the drum starts tumbling
driving and the point in time at which the drum performs
tumbling driving normally are different. That is, when the
drum starts tumbling driving, the drum is gradually accel-
erated in the stopped state, and after reaching the tum-
bling RPM, is driven at the tumbling RPM. The drum may
stop after performing tumbling driving in a certain direc-
tion, and then again perform tumbling driving in a different
direction.

[0058] Here, it is necessary to prevent overheating of
the drum and to increase heating energy efficiency and
time efficiency.

[0059] Itmaybe necessarytoavoid heatingfora period
during which the RPM of the drum is very low in order to
prevent overheating of the drum. On the other hand,
when the drumis heated after the RPM of the drum reach-
es a normal range, time may be wasted.

[0060] Therefore, the pointin time at which the induc-
tion module starts to operate may be after the drum starts
to rotate and before the drum reaches a normal tumbling
RPM. Of course, the induction module may be operated
after the drum reaches the tumbling RPM because it is
more important to prevent overheating of the drum,.
[0061] In one example, the induction module may be
operated when the drum RPM is greater than 30 RPM,
but may not be operated when the drum RPM is less than
30 RPM.

[0062] Thatis, the induction module may be operated
only when the drum RPM is greater than a specific RPM,
and may not be operated when the drum RPM is less
than the specific RPM.

[0063] Thus, for a normal tumbling driving period, the
induction module is driven after the drum starts to rotate,
and the driving of the induction module stops before the
rotation of the drum stops. That is, the induction module
may be turned on or off based on a predetermined RPM,
which is less than a normal tumbling RPM.

[0064] Meanwhile, variable control of the induction
module may be performed in the On state of the induction
module.

[0065] Inordertoachieve the objects described above,
according to another aspect of the present invention, a
laundry treatment apparatus includes a drum formed of
a metal material and provided to accommodate laundry
therein, aninduction module spaced apart from a circum-
ferential surface of the drum and provided to heat the
circumferential surface of the drum via a magnetic field
that is generated when current is applied to a coil, and a
lifter formed of a metal material and provided in the drum
to move the laundry inside the drum when the drum ro-
tates, wherein the lifter is provided so as to be recessed
in a direction in which a distance between the induction
module and the lifter, which face each other, increases.
[0066] When the surface of the lifter that faces the in-
duction module is located further inward than the circum-
ferential surface of the drum in the radial direction, it is
possible to prevent overheating in a portion in which the
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lifter is provided. In this case, it may be unnecessary to
variably control the output of the induction module ac-
cording to the position of the lifter. In addition, since the
surface of the lifter that faces the induction module may
be heated, it is possible to reduce the heating time.
[0067] Such achange in the structures of the lifter and
the drum for preventing overheating of the portion in
which the lifter is provided may be applied together with
variable control of the output of the induction module. In
this case, the purpose of preventing overheating of the
portion in which the lifter is provided may be further ef-
fectively achieved.

[0068] Inordertoachievethe objects described above,
according to a further aspect of the present invention, a
method of controlling a laundry treatment apparatus in-
cluding a drum formed of a metal material and provided
to accommodate laundry therein, an induction module
spaced apart from a circumferential surface of the drum
and provided to heat the circumferential surface of the
drum via a magnetic field that is generated when current
is applied to a coil, a lifter provided in the drum to move
the laundry inside the drum when the drum rotates, and
a module controller configured to control an output of the
induction module so as to control an amount of heat gen-
erated from the circumferential surface of the drum, in-
cludes operating the induction module, stopping an op-
eration of the induction module, determining whether to
operate the induction module or to stop the operation of
the induction module according to a rotational speed of
the drum, and determining whether to operate the induc-
tion module or to stop the operation of the induction mod-
ule according to the temperature of the drum.

[0069] Thedrum may starttorotateinthe stopped state
at a normal tumbling driving rotational speed. After the
drum starts to rotate and is accelerated, the drum may
continue torotate atthe tumbling driving rotational speed.
Thus, after the drum rotates, the induction module may
start to drive or stop the driving thereof based on a pre-
determined drum rotational speed, which is lower than
the normal tumbling driving rotational speed.

[0070] When the induction module starts to drive, a
step of controlling, by the module controller, the operation
of the induction module to a normal output may be per-
formed. Then, a step of sensing a position of the lifter
may be performed. The method may include a step of
reducing, by the module controller, the output of the in-
duction module when the position of the lifter is sensed.
[0071] Thus, when tumbling driving of the drum is con-
tinued, the induction module may repeatedly undergo a
normal output period and a reduced output period.
[0072] Then, the induction module is turned off before
the tumbling driving ends. This is because the drum stops
after being driven at a speed lower than the predeter-
mined rotational speed.

[0073] When the drum again starts to rotate in an op-
posite direction, the rotational speed of the drum is
sensed, and the induction module starts to drive. Normal
output control, lifter position sensing, and reduced output
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control may be repeatedly performed until the driving of
the induction module stops.

[0074] Inthis way, itis possible to prevent overheating
of the drum, to prevent overheating of a specific portion
of the drum in which the lifter is provided, and to increase
time efficiency.

[0075] It is to be understood that both the foregoing
general description and the following detailed description
of the present invention are exemplary and explanatory
and are intended to provide further explanation of the
present invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0076] The accompanying drawings, which are includ-
ed to provide a further understanding of the present in-
vention and are incorporated in and constitute a part of
this application, illustrate embodiment(s) of the present
invention and together with the description serve to ex-
plain the principle of the present invention. In the draw-
ings:

FIG. 1 illustrates a laundry treatment apparatus ac-
cording to an embodiment of the present invention;
FIG. 2 illustrates an induction module mounted on a
tub in the laundry treatment apparatus according to
an embodiment of the present invention;

FIG. 3 illustrates a lifter mounted on a general drum;
FIG. 4 illustrates the connected state of a drum and
a lifter according to an embodiment of the present
invention;

FIG. 5 illustrates the lifter illustrated in FIG. 4;

FIG. 6 illustrates an exploded state of the lifter illus-
trated in FIG. 5;

FIG. 7 illustrates the configuration of a drum accord-
ing to an embodiment of the present invention;
FIG. 8 schematically illustrates the configuration of
a laundry treatment apparatus according to an em-
bodiment of the present invention;

FIG. 9illustrates a block diagram of control elements
that are applicable to FIG. 8;

FIG. 10 illustrates a block diagram of another em-
bodiment of the control elements;

FIG. 11 illustrates an embodiment of the shape of
the drum inner peripheral surface;

FIG. 12illustrates a change in the current and output
(power) of the induction module depending on the
rotation angle of the drum with respect to the drum
inner peripheral surface of FIG. 11; and

FIG. 13 illustrates a control flow according to an em-
bodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0077] Hereinafter, exemplary embodiments of the
present invention will be described in detail with refer-
ence to the accompanying drawings.

[0078] The basic constituent elements of a laundry
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treatment apparatus and an induction heating principle,
which are applicable to an embodiment of the present
invention, will be described below with reference to FIGs.
1and 2.

[0079] As illustrated in FIG. 1, the basic constituent
elements of the laundry treatment apparatus according
to the presentembodiment may be the same as or similar
to those of a general laundry treatment apparatus. How-
ever, unlike the general laundry treatment apparatus, an
induction module 400 may be mounted to directly heat a
drum 300. Since the induction module 400 is a heating
device, any other heating device used in a general laun-
dry treatment apparatus may be replaced or combined
with the induction module 400.

[0080] The induction module 400 may include a coil
420, which forms a magnetic field upon receiving current.
The coil 420 may be formed by winding a wire, and the
winding direction of the wire, i.e., the direction in which
the wire is wound, may be determined in a manner such
that the area of a surface thereof that faces the outer
peripheral surface of the drum 300is as large as possible.
In addition, the coil 420 may be positioned in a manner
such that a mounting position thereof coincides with the
center of the drum 300 to be heated by the coil 420. The
winding direction and the mounting position of the coil
420 may be clearly understood through the induction
heating principle, which will be described below.

[0081] When currentis supplied to the coil 420, a mag-
netic field is generated in the winding direction of the coil
420. That is, a magnetic field is generated in the direction
of the center axis of the coil 420. Here, when alternating
current having a varying phase difference is applied to
the coil 420, an alternating currentmagneticfield in which
the direction of the magnetic field changes is formed. The
alternating current magnetic field generates an induced
magnetic field in a direction opposite to that thereof in an
adjacent conductor, and a change in the induced mag-
netic field generates induced current in the conductor.
[0082] With the induced current and the induced mag-
netic field, energy is transferred from the induction mod-
ule 400 to a neighboring conductor due to changes in an
electric field and a magnetic field.

[0083] Thedrum 300 isformed of a metal material, and
eddy current, which is a type of induced current, is gen-
erated in the drum 300 due to the induced magnetic field
generated in the coil 420.

[0084] Electrical energy is converted into thermal en-
ergy by the resistance, i.e. inertia, to a change in induced
current. Thatis, the drum 300 is heated. By this principle,
the drum 300, which is spaced from the induction module
400, may be directly heated. According to this principle,
it can be understood that the energy of the induction mod-
ule 400 may be more effectively transferred to the drum
300 as the distance between the drum 300 and the in-
duction module 400 decreases and the areas of the sur-
faces of the drum 300 and the induction module 400 that
face each other increase.

[0085] Inotherwords, it can be seen that the efficiency
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of heating of a specific area may be enhanced as the
area is closer to the induction module 400 and becomes
more closely parallel to the induction module 400.
[0086] The induction module 400 may be provided on
the outer peripheral surface of a tub 200. Of course, the
induction module 400 may be provided on the inner pe-
ripheral surface of the tub 200 so as to further reduce the
distance between the induction module 400 and the drum
300. However, considering, for example, collision be-
tween the drum 300 that rotates and vibrates and the
induction module 400 and damage to the induction mod-
ule 400 due to the high-temperature and high-humidity
environment inside the tub 200, the induction module 400
may be provided on the outer peripheral surface of the
tub 200.

[0087] The tub 200 is mounted inside a cabinet 100,
which forms the outer shape of the laundry treatment
apparatus, and the drum 300 is rotatably mounted inside
the tub 200. A motor 700 may be mounted on the rear
surface of the tub 200 to drive the drum 300. Thus, the
drum 300 rotates inside the tub 200 by driving the motor
700.

[0088] The tub 200 is supported relative to the cabinet
100 by a support device 800, such as a damper or a
spring. The support device 800 may be provided below
the tub 200. A drain pump 900 may also be provided
below the tub 200.

[0089] As illustrated in FIGs. 1 and 2, the induction
module 400 may be elongated in the longitudinal direc-
tion of the tub 200 and may be mounted on the outer
peripheral surface of the tub 200. The induction module
400 may be mounted on the outer peripheral surface of
an upper portion of the tub 200. This is because there
may be insufficient space to install the induction module
400 due to the above-described constituent elements,
such as the support device 800 and the drain pump 900,
on the outer peripheral surface of a lower portion of the
tub 200.

[0090] The induction module 400 may face a portion
of the outer peripheral surface of the drum 300, which is
in the stopped state. Thus, when current is applied to the
induction module 400, only a portion of the outer periph-
eral surface of the drum 300 may be substantially heated.
However, when the drum 300 rotates while the induction
module 400 operates, the entire outer peripheral surface
of the drum 300 may be uniformly heated.

[0091] In consideration of the heating efficiency of the
induction module 400, the foremost and the rearmost por-
tion of the drum 300 may not be heated. This is because
laundry may be substantially gathered and processed at
the central portion of the drum 300 in the longitudinal
direction. The heated drum 300 needs to transfer heat
to the laundry inside the drum 300, but may have difficulty
in transferring heat to the laundry from the foremost and
rearmost portions thereof. Thus, heating these foremost
and rearmost portions may cause deterioration in heating
efficiency.

[0092] Therefore, the induction module 400 may be
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mounted on the longitudinal center portion of the tub 20
so as to extend in the longitudinal direction.

[0093] A lifter 50 may be mounted inside the drum 300
to agitate the laundry inside the drum 300. The lifter 50
may function to lift the laundry when the drum 300 rotates.
The laundry lifted by the lifter 50 falls. Thus, the lifter 50
may enhance washing performance or drying perform-
ance. The lifter 50 may be generally necessary for adrum
type laundry treatment apparatus.

[0094] The lifter 50 is different from embossments on
the drum 300. That is, the length of the lifter 50 that pro-
trudes into the drum 300 is much larger than that of the
embossments. In addition, unlike the embossments, the
lifter extends in the longitudinal direction of the drum 300.
[0095] As illustrated in FIG. 1, the lifter 50 is mounted
on the longitudinal central portion of the drum 300 so as
to extend in the longitudinal direction. In addition, a plu-
rality of lifters 50 may be provided in the circumferential
direction of the drum 300. As illustrated, the position of
the lifter 50 is similar to the position at which the induction
module 400 is mounted. That is, a large portion of the
lifter 50 may be positioned to face the induction module
400. Thus, the outer peripheral surface of a portion the
drum 300, in which the lifter 50 is provided, may be heated
by the induction module 400. The outer peripheral sur-
face of the portion of the drum 300, in which the lifter 50
is provided, is not in direct contact with the laundry inside
the drum 300. The heat generated in the outer peripheral
surface of the drum 300 is transferred to the lifter 50,
rather than being transferred to the laundry, because the
lifter 50 comes into contact with the laundry. Therefore,
overheating of the lifter 50 may occur, which is problem-
atic. Concretely, overheating of the drum circumferential
surface that is in contact with the lifter 50 may be prob-
lematic.

[0096] FIG. 3illustrates alifter 30 mounted ona general
drum 20. Only the drum center portion is illustrated, and
front and rear portions of the drum 20 are omitted. This
is because the lifter 30 may generally be mounted only
on the drum center.

[0097] A plurality of lifters 30 are mounted in the cir-
cumferential direction of the drum 20. Here, three lifters
30 are mounted by way of example.

[0098] The circumferential surface of the drum 20 may
be composed of a lifter mounting portion 23 in which the
lifter 30 is mounted and a lifter exclusion portion 22 in
which no lifter is mounted. The cylindrical drum 20 may
be formed to have a seam portion 26 by rolling a metal
plate. The seam portion 26 may be a portion at which
both ends of the metal plate are connected to each other
through welding or the like.

[0099] Various embossing patterns may be formed on
the circumferential surface of the drum 20, and a plurality
of through-holes 24 and lifter communication holes 25
may be formed for the mounting of the lifters 30. That s,
various embossing patterns may be formed in the lifter
exclusion portion 22, and the plurality of through-holes
24 and lifter communication holes 25 may be formed in
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the lifter mounting portion 23.

[0100] The lifter mounting portion 23 is a portion of the
circumferential surface of the drum 20. Thus, in general,
the lifter mounting portion 23 is formed with only a mini-
mum number of holes for the mounting of the lifters and
the passage of wash water. This is because, when a
greater number of holes are formed through penetration
or the like, manufacturing costs may unnecessarily in-
crease.

[0101] Accordingly, the plurality of through-holes 24
may be formed in the lifter mounting portion 23 along the
outer shape of the lifter 30 to be mounted, so that the
lifter 30 may be coupled to the inner peripheral surface
of the drum 20 via the through-holes 24. In addition, the
plurality of lifter communication holes 25 may be formed
in the central portion of the lifter mounting portion 23 so
as to allow wash water to move from the outside of the
drum 20 to the inside of the lifter 30.

[0102] However, it is general that only the necessary
holes 24 and 25 are formed in the lifter mounting portion
23, and a large portion of the outer peripheral surface of
the drum 20 is maintained as it is. That is, the total area
of the holes 24 and 25 is smaller than the total area of
the lifter mounting portion 23. Thus, a large area of the
lifter mounting portion 23 excluding the area of the holes
may directly face the induction module 400, and the lifter
mounting portion 23 may be heated by the induction mod-
ule 400.

[0103] The lifter 30 is mounted in the lifter mounting
portion 23 so as to protrude inwards in the radial direction
of the drum 20. As such, the lifter mounting portion 23
does not contact with the laundry inside the drum 20, and
the lifter 30 comes into contact with the drum 20.
[0104] Thelifter 30 may be generally formed of a plastic
material. Since the plastic lifter 30 comes into direct con-
tact with the lifter mounting portion 23, the heat generated
in the lifter mounting portion 23 may be transferred to the
lifter 30. However, the lifter 30 formed of a plastic material
may transfer a very small amount of heat to the laundry
that comes into contact with the lifter 30. This is because
the plastic material of the lifter 30 has a very low heat
transfer characteristic. Therefore, only a portion of the
lifter 30 that is in contact with the lifter mounting portion
23 is exposed to a high temperature, and the heat is not
transmitted to the entire lifter 30.

[0105] According to the results of experimentation per-
formed by the inventors of the present invention, it could
be found that the temperature at the lifter mounting por-
tion may rise to 160 degrees Celsius, while the temper-
ature at the portion in which no lifter is mounted may rise
to 140 degrees Celsius. It may be considered that this is
because the heat generated in the lifter mounting portion
may not be transferred to the laundry.

[0106] Therefore, the lifter 30 may overheat, which
may cause damage to the lifter 30. In addition, since the
heat generated in the lifter mounting portion 23 may not
be transferred to the laundry, energy may be wasted and
heating efficiency may be lowered. The embodiments of
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the present invention are devised to overcome these
problems.

[0107] FIG. 4 illustrates a drum and a lifter according
to an embodiment of the present invention. The manu-
facturing method or shape of the drum may be the same
as or similar to that of the general drum illustrated in FIG.
3. However, it is to be noted that a lifter mounting portion
323 may be different and that the material and shape of
the lifter may be changed.

[0108] Asiillustrated, a lifter exclusion portion 322 may
be the same as that of the general drum described above.
In the lifter mounting portion 323, unlike the lifter exclu-
sion portion 322, the circumferential surface of the drum
may be omitted or removed. That is, an area equivalent
to the area of the lifter may be omitted or removed from
the circumferential surface of the drum. An area larger
than the omission area due to the holes for the mounting
ofthe lifter or the passage of wash water described above
may be omitted.

[0109] Concretely, a recessed region 325 may be
formed in the central portion of the lifter mounting portion
323. The recessed region 325 may take the form of an
incision formed by cutting away a portion of the circum-
ferential surface of the drum, or may take the form of a
recess that is centrally recessed in a portion of the cir-
cumferential surface of the drum. FIG. 4 illustrates the
former embodiment, and FIG. 7 illustrates the latter em-
bodiment.

[0110] A plurality of through-holes 324 and 326 may
be formed in the lifter mounting portion 323 to correspond
to the shape of the lifter 50 to be mounted. The plurality
of through-holes 324 and 326 may be formed along the
outer rim (frame) of the lifter 50 so as to correspond to
the outer contour of the lifter 50. For example, when the
lifter is in the form of a track, the through-holes may be
formed along the outer rim of the track. Of course, these
through-holes may be formed in the form of drilled holes
in a portion of the circumferential surface of the drum.
[0111] A portion of the circumferential surface of the
drum that corresponds to the central portion of the lifter
mounting portion 323 may be omitted. That is, the area
that faces the induction module 400 may be omitted. That
is, the portion surrounded by the through-holes 324 and
326 may be wholly cut away to form the recessed region
325 in the form of an incision.

[0112] The recessed region 325 is formed to corre-
spond to the inside of the lifter 50 and is surrounded by
the lifter 50. Thus, the recessed region in the form of an
incision is not visible inside the drum. The central portion
of the lifter 50 mounted in the lifter mounting portion 323
is visible from outside the drum.

[0113] With the lifter mounting portion 323, the circum-
ferential surface of the drum may substantially not face
the induction module 400 in a portion thereof in which
the lifter 50 is mounted. Thus, the amount of heat gen-
erated in the lifter mounting portion 323 is very small.
This means that a common plastic lifter may be used.
This is because the amount of heat generated in the en-
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tire lifter mounting portion 323 is very small, so that the
lifter 50 may not be overheated by heat transferred to the
lifter 50.

[0114] However, when a general plastic lifter is used,
local heating may occur at a portion in which the lifter 50
and the lifter mounting portion 323 are coupled to each
other, which may cause damage to a local portion of the
lifter 50. In addition, although the amount of heat, gen-
erated when the lifter mounting portion 323 faces the
induction module, is minimal, the induction module is be-
ing driven, and therefore, energy loss may occur because
most of the energy used is not converted into thermal
energy.

[0115] Therefore, it is necessary to seek a method to
satisfy both the prevention of overheating of the lifter and
the minimization of energy loss occurring in the lifter
mounting portion.

[0116] A lifter that is applicable to an embodiment of
the present invention will be described in detail with ref-
erence to FIGs. 5 and 6. According to the present em-
bodiment, damage to the lifter due to overheating and
energy loss may be reduced.

[0117] The lifter 50 according to the present embodi-
ment may include an inner lifter 60 formed of a metal.
The inner lifter 60 may be formed to have an elliptical
shape or a track shape. That is, the shape of the outer
rim or the frame 61 that abuts the inner peripheral surface
of the drum may be an elliptical shape or a track shape.
Of course, the shape of the inner lifter 60 may be modified
to some extent. However, the inner lifter 60 may have a
shape in which the length is larger than the width so as
to be elongated in the longitudinal direction of the drum
when it is mounted on the drum.

[0118] The inner lifter 60 may be recessed from the
outer rim 61 thereof. That is, the inner lifter 60 may be
recessed toward the center of the drum. More specifical-
ly, the recessed shape of the inner lifter 60 forms the
outer shape of the lifter 50 inside the drum. That s, since
the inner lifter 60 is recessed, the lifter 50 may protrude
toward the center of the drum.

[0119] The inner lifter 60 may be formed of a metal
material, and may have a larger distance to the induction
module 400 compared to the lifter 50 because a portion
of the inner lifter 60 inside the outer rim 61 is recessed.
As described above, a portion of the circumferential sur-
face of the drum that corresponds to the inner lifter 60
has been removed. Thus, it can be said that the removed
circumferential surface is replaced with the inner lifter 60.
In other words, it can be said that the removed circum-
ferential surface takes the form of the inner lifter 60 and
is moved in the direction in which the distance to the
induction module facing thereto increases. That is, the
surface of the inner lifter 60 that faces the induction mod-
ule is moved further inwards in the radial direction of the
drum than the surface of the lifter exclusion portion that
faces the induction module.

[0120] However, the maximum depth or the maximum
protruding length of the inner lifter 60 is small compared
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to the radius of the drum from the inner peripheral surface
to the center of the drum. That is, the increase in the
distance between the inner lifter 60 and the induction
module is relatively small.

[0121] The inner lifter 60 may be recessed so as to be
curved or inclined in the radial direction. That is, the inner
lifter 60 may be recessed so as to have an inclined sur-
face, rather than being recessed at a right angle from the
outer periphery 61 to the center of the inner lifter 60. As
such, the inner lifter 60 has an induction module projec-
tion surface 64 that faces the induction module 400 and
has substantially the same area as the area inside the
outer rim 61 of the inner lifter 60. However, due to a
change in the contour line depending on the recessed
shape, i.e., an increase in the recess depth or the pro-
truding length, the distance between the inner lifter 60
and the induction module 400 that face each other is
variable according to the position on the surface of the
inner lifter 60 that faces the induction module 400. That
is, the distance may become the minimum at the outer
rim 61, and may become the maximum at the central
portion of the inner lifter 60.

[0122] Here, it can be seen that the inner lifter 60 may
be differently heated by the induction module 400 ac-
cording to the material of the inner lifter 60 and the height
of the inner lifter 60. Since the inner lifter 60 may take
the form of a thin metal plate, the inner lifter 60 may also
be effectively heated by the induction module 400. Of
course, the inner lifter 60 is recessed from the inner pe-
ripheral surface of the drum so that the distance to the
induction module that faces the inner lifter 60 is in-
creased, but this increase in distance is relatively small,
and thus the inner lifter 60 may be sufficiently heated.
[0123] The inner lifter 60 is an element that is in direct
contact with the laundry. Thus, the heat generated in the
inner lifter 60 may be directly transferred to the laundry.
Therefore, the inner lifter 60 may transfer the energy used
in the induction module 400 to the laundry, thereby im-
proving the heating efficiency.

[0124] A through-hole 62 may be formed in the central
portion of the inner lifter 60. That is, the wash water may
be introduced into the drum from the inside of the inner
lifter 60. Since a water stream is formed through the lifter
communication hole 62, the efficiency of washing may
be increased.

[0125] A plurality of coupling ribs 63 may be formed on
the outer rim 61 or a drum coupling surface of the inner
lifter 60. The plurality of coupling ribs 63 may be arranged
along the outer rim 61.

[0126] The coupling ribs 63 may be inserted into the
through-holes 324 and 326 formed in the lifter mounting
portion 323, as illustrated in FIG. 4. Specifically, the cou-
pling rib 63 may be coupled into the rib through-hole 326.
In order to reduce the contact area with the drum, the
coupling rib 63 may take the form of a rib having a thick-
ness smaller than the width, and the through-hole, more
particularly, the rib through-hole 326, into which the cou-
pling rib 63 is inserted, may have a slit shape.
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[0127] The heat generated in the circumferential sur-
face of the drum in the vicinity of the rib through-hole 326
may be transferred to the inner lifter 60 through the cou-
pling rib 63. This may increase energy efficiency.
[0128] Specifically, through the provision of the recess
or the incision, a portion of the circumferential surface of
the drum that corresponds to the lifter mounting portion
323 may be omitted, and thus it may be unnecessary to
heat the corresponding portion. This is because heat
generated in this portion is difficult to be transferred to
the laundry.

[0129] Meanwhile, through the provision of the recess
or the incision, the metal surface of the lifter may face
the induction module and be heated to directly transfer
heat to the laundry. That is, through the provision of the
lifter thatis recessed in the direction in which the distance
to the induction module that faces the lifter is increased,
it is possible to prevent overheating of the lifter and to
enable the utilization of the heat of the lifter. In particular,
the inner lifter may be formed of a metal material, more
preferably, the same material as the drum, for example,
stainless steel, so that the inner lifter may be formed as
if it were a portion of the circumferential surface of the
drum that protrudes into the drum.

[0130] Inthisway, anincrease in energy efficiency and
heating effect may be achieved.

[0131] Asillustrated in FIG. 6, the lifter 50 may further
include an outer lifter 70. The outer lifter 70 may be cou-
pled to the inner lifter 60. An empty space may be formed
in the lifter 50 by the coupling of the two.

[0132] In the case in which only the inner lifter 60 is
provided, the inner lifter 60 may not be firmly coupled to
the drum because it is necessary to minimize the portion
of the inner lifter 60 that is in contact with the drum. In
addition, the rigidity of the inner lifter 60 may be deterio-
rated due to the small thickness of the inner lifter 60. That
is, the inner lifter 60 may be easily collapsed by an ex-
ternal impact.

[0133] In order to overcome this problem, the lifter 50
may further include the outer lifter 70 formed of a plastic
material. Through the provision of the outer lifter 70, the
lifter 50 may be more firmly coupled to the drum.

[0134] Here, it may be necessary for the outer lifter 70
to be in contact with the drum. That is, even if the contact
area is minimized, the contact area may be required for
coupling between the outer lifter 70 and the drum. There-
fore, the outer lifter 70 may be formed of an engineering
plastic material having excellent heat resistance. An
empty space may be formed between the outer lifter 70
and the inner lifter 60, and the inner lifter 60 may sub-
stantially form only the bottom surface of the lifter 50.
Thatis, an outer area of the lifter 50 occupied by the inner
lifter 60 is relatively small. Therefore, it is more econom-
ical to form the outer lifter 70 using an engineering plastic
material than to form the entire lifter 50 using an engi-
neering plastic material. In addition, since the inner lifter
60 is formed of a metal material, heat may be effectively
transferred to the laundry.
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[0135] Therefore, it may be highly desirable to con-
struct the lifter 50 by combining the inner lifter 60, formed
of a metal material, and the outer lifter 70 formed of an
engineering plastic material.

[0136] To this end, the outer lifter 70 has a bottom sur-
face or an outer rim 71 that defines the bottom surface
of the entire lifter 50. However, in order to reduce the
contact area with the drum, the outer rim 71 is formed to
be narrow. That is, the outer rim 71 may be formed to
have a hollow elliptical shape or track shape. The outer
rim 71 may also be referred to as a frame of the outer
lifter 70.

[0137] A through-hole or an insertion hole 73, through
which the coupling rib 63 of the inner lifter 60 passes,
may be formed in the outer rim 71 of the outer lifter 70.
The coupling rib 63 may first pass through the through-
hole 73 and may then be connected to the drum. Thereby,
the heat generated from the outer peripheral surface of
the drum, which is in contact with the outer lifter 70, may
be more effectively transferred to the coupling rib 63,
formed of a metal material, than to the outer rim 71 of
the outer lifter 70 formed of a plastic material.

[0138] A hook 77 may be provided to more firmly cou-
ple the lifter 50, more particularly, the outer lifter 70, to
the drum. The hook 77 may be formed on the outer rim
71 or the frame of the outer lifter 70. Of course, a through-
hole may be formed in the lifter mounting portion of the
drum so that the hook is inserted into and fixed to the
through-hole.

[0139] Meanwhile, a portion of the outer lifter 70 ex-
cluding the outer rim 71 may be inserted into the inner
lifter 60. This may increase the rigidity of the inner lifter 60.
[0140] A portion of the outer lifter 70 inside the frame
71thatistobeinsertedintothe innerlifter, i.e. aninsertion
portion 72, may be formed with various elements. The
insertion portion 72 may not come into contact with the
inner peripheral surface of the drum. That is, only the
outer rim 71, but not the insertion portion 72, may be in
contact with the inner peripheral surface of the drum.
Thus, the outerrim 71 may also be referred to as a contact
portion for distinguishing the insertion portion 72 from the
outer rim 71.

[0141] A reinforcement rib 76 may be formed on the
insertion portion 72 in the width direction for reinforcing
the rigidity of the outer lifter 70. A plurality of reinforce-
ment ribs 76 may be formed to extend in the width direc-
tion of the outer lifter 70 so as to interconnect opposite
portions of the frame 71. The width direction of the outer
lifter 70 is the same as the direction in which external
force is applied to the lifter 50. That is, the width direction
of the outer lifter 70 coincides with the direction in which
the lifter 50 comes into contact with the laundry and lifts
the laundry. Therefore, the reinforcement ribs 76 may be
formed in the width direction, rather than in the longitu-
dinal direction, of the lifter 50.

[0142] In addition, a boss 74 may be formed to further
firmly couple the outer lifter 70 to the drum, and a screw
fastening hole may be formed in the boss. A screw
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through-hole may be formed in the drum so as to corre-
spond to the screw fastening hole.

[0143] In addition, the outer lifter 70 may be formed
with a penetration region 75. The penetration region 75
may be formed to introduce wash water into the lifter 50
from the outside of the drum 30. The penetration region
75 may be formed in a plural number. The area of the
penetration region 75 may be greater than the area of
the through-hole 62 in the lifter 50. As such, stronger
water flow may be formed through the through-hole 62
by the pressure difference between the outside and the
inside of the lifter 50.

[0144] Meanwhile, the frame 71 of the outer lifter 70 is
directly in contact with the inner peripheral surface of the
drum. As described above, the width of the frame 71 is
relatively small in order to reduce the contact area with
the drum. The inside of the frame 71 is empty, and an
empty space is also formed in the circumferential surface
of the drum so as to correspond to the empty space. That
is, an incision or a recess is formed. The incision or the
recess may be substantially equal to the inner area of
the frame 71. That is, substantially the entire circumfer-
ential surface of the drum inside the frame 71 may be
removed. Thus, as illustrated in FIG. 4, as large a portion
as possible of the circumferential surface of the drum
inside the frame 71 may be removed, and the resulting
region may be referred to as an incision, a recess, or a
drum communication region 325.

[0145] FIG. 4 illustrates that one drum communication
region 325 having a shape corresponding to the shape
of the lifter 50 is formed. This is because it may be de-
sirable to remove as much of the area of the drum cir-
cumferential surface as possible so as to correspond to
the shape of the lifter 50. However, the drum communi-
cation region 325 may be divided into a plurality of re-
gions. Thatis, the large drum communication region 325
may be divided into a plurality of small regions. However,
since a portion of the drum circumference needs to be
leftin order to divide the drum communication region 325
into a plurality of regions, heating of this portion may
cause energy loss.

[0146] Hereinafter, a drum according to an embodi-
ment of the present invention will be described with ref-
erence to FIG. 7.

[0147] In the above-described embodiment, the lifter,
which comes into contact with the laundry inside the
drum, is manufactured separately from the drum and
mounted in the drum. In particular, the surface of the lifter
that faces the drum and comes into contact with the drum
is formed of a metal material, and an empty space is
formed between the surface of the lifter and the induction
module. As such, the surface of the lifter that faces the
drum may be formed by recessing a portion of the cir-
cumferential surface of the drum, in which the lifter is
mounted, toward the rotation center axis of the drum.
[0148] In the present embodiment, the lifter may be
integrally formed on the drum, rather than being manu-
factured separately from the drum and being mounted in
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the drum.

[0149] Thatis, the lifter 50 may be formed by recessing
aportion of the circumferential surface of the drum toward
the center of the drum. When viewed from the inside of
the drum, the lifter 50 is formed in a manner such that a
portion of the drum is recessed inwards. When viewed
from the outside of the drum, the recessed region 325
having an empty space is formed in a manner such that
a portion of the outer peripheral surface of the drum is
recessed. This empty space is filled with air. As such,
the surface of the lifter 50 that faces the drum is moved
toward the center of the drum. The surface of the lifter
thatfaces thedrumis formed so as to be furtherincreased
in the distance to the induction module.

[0150] Accordingly, the surface of the lifter that faces
the drum is heated by the induction module and the lifter
50 comes into contact with the laundry, so that heat may
be easily transferred to the laundry. Thus, the energy
used in the induction module is converted into thermal
energy in the entire drum, more particularly in the lifter,
and the heat may be effectively transferred from the inner
peripheral surface of the drum including the lifter to the
laundry.

[0151] In this way, in all of the embodiments described
above, it is possible to prevent damage to the lifter and
deterioration in energy efficiency, which may occur in the
case in which the lifter is formed of a plastic material. In
addition, since the heat may be effectively transferred to
the laundry even from the lifter, the heating performance
may be further enhanced. For example, when drying the
laundry by applying heat to the laundry, the drying per-
formance may be further enhanced.

[0152] In the above-described embodiments, the de-
tailed structure of the general drum or the detailed struc-
ture of the lifter may be changed to overcome any prob-
lem that may be caused by the lifter.

[0153] A provider who provides the laundry treatment
apparatus may provide various types of laundry treat-
ment apparatus as well as a specific type of laundry treat-
ment apparatus. For example, the provider may provide
both a washing machine having no drying function and
a washing machine having a drying function. Therefore,
in the case of models having the same capacity, it is
economical to produce the same devices using common
components.

[0154] Forexample, in the case of a washing machine
and a washing and drying machine having the same ca-
pacity (washing capacity), it may be more economical for
a manufacturer to use the same drum and the same lifter
in common for various models. Using the existing drum
and lifter in a new model without modification may be
advantageous in terms of product competitiveness. This
is because, assuming mass production, changes in ex-
isting components may increase initial investment costs,
maintenance costs, and production costs.

[0155] A method for overcoming the above-described
problems may be sought while avoiding the problem of
newly manufacturing a drum or a lifter. Hereinafter, other
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embodiments according to the presentinvention for over-
coming the above-described problems will be described
in detail.

[0156] FIG. 8 is a simplified conceptual diagram of
components according to an embodiment of the present
invention.

[0157] As illustrated in FIG. 8, in the present embodi-
ment, similarly, the drum 300 is heated via the induction
module 400. In addition, similarly, the lifter 50 is mounted
inside the drum 300. In addition, the induction module
400 may be mounted radially outside the drum 300, more
specifically, on the outer peripheral surface of the tub
200, in the same manner as or similarly to the above-
described embodiments.

[0158] The present embodiment has a feature in that
current applied to the induction module 400 or the output
of the induction module 400 may be varied when the ro-
tation angle of the drum 300 is known. Specifically, since
the drum 300 may be formed in a cylindrical shape, the
rotation angle of the drum 300 may be defined as ranging
from 0 degrees to 360 degrees about a specific point.
[0159] For example, the rotation angle of the drum at
point A atwhich a specificlifter is at the uppermost portion
may be defined as 0 degrees. Assuming that the drum
rotates in the counterclockwise direction and that three
lifters are equidistantly spaced apart from one another in
the circumferential direction of the drum, it can be said
that the lifters are located respectively at positions at
which the rotation angle of the drum is 0 degree, at which
the rotation angle of the drum is 120 degrees, and at
which the rotation angle of the drum is 240 degrees. Con-
sidering the transverse width of the lifter, it can be said
that the lifter is located in an angular range of approxi-
mately 2-10 degrees.

[0160] According to the presentembodiment, itis pos-
sible to vary the amount of heating of the drum (herein-
after referred to as "drum heating amount") by the induc-
tion module 400 by grasping the position of the lifter 50
when the drum 300 rotates. That is, when the lifter 50 is
located so as to face the induction module 400, the drum
heating amount by the induction module may be reduced
or eliminated, and when the lifter 50 is moved so as not
to face the induction module 400, the drum heating
amount may be normal. Changing the drum heating
amount in this way may be realized by changing the out-
put of the induction module 400.

[0161] Therefore, energy efficiency may be improved
because the energy consumed in the induction module
400 is not consistent regardless of the rotation angle of
the drum 300. In addition, since the energy consumed in
the portion of the drum that corresponds to the lifter 50
may be significantly reduced, overheating in the lifter 50
may be remarkably reduced.

[0162] FIG. 8 illustrates magnets 80 that are equidis-
tantly provided in the circumferential direction of the drum
300, in the same manner as the lifters 50. The magnets
80 may be provided to effectively grasp the rotation angle
of the drum 300. Similarly to the lifters 50, the magnets
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80 may be equidistantly disposed in the circumferential
direction. In addition, the magnets 80 may be provided
in the same number as the lifters 50. Of course, the angle
between the lifter 50 and the magnet 80 may be consist-
ent between the plurality of lifters 50 and the plurality of
magnets 80.

[0163] Accordingly, when the position of a specific
magnet 80 is sensed, the position of the lifter 50 associ-
ated with the specific magnet 80 may be sensed. Spe-
cifically, the positions of three lifters 50 may be sensed
when the positions of three magnets 80 are sensed.
When the magnet 80 is sensed at a specific position while
the drum 300 rotates as illustrated in FIG. 8, it can be
seen that the lifter 50 is located at a position at which the
drum 300 rotates further by about 60 degrees in the coun-
terclockwise direction.

[0164] Specifically, in the present embodiment, a sen-
sor 85 may be further provided to sense the position of
the lifter 50 by sensing the position of the magnet 80
when the drum 300 rotates. The sensor 85 may sense
the position of the magnet 80 that corresponds to the
rotation angle of the drum 300, and may sense the posi-
tion of the lifter 50 based on the position of the magnet 80.
[0165] Of course, the sensor 85 may merely detect
whether or not the magnet 80 is present. The rotational
speed of the drum 300 may be constant at a specific point
in time, and thus, it can be seen that the lifter 50 reaches
aposition atwhichitfaces the induction module 400 when
a specific time has passed from the point in time at which
the magnet 80 is sensed.

[0166] To put it easily, assuming that the drum rotates
at1RPM, itcanbe said that the drum rotates 360 degrees
in 60 seconds. Assuming thatthree magnets 80 and three
lifters 50 are disposed at the same angular distance, it
can be seen that the lifter 50 reaches the position at which
it faces the sensor 85 after the drum further rotates by
60 degrees, i.e. 10 seconds after the pointin time at which
the sensor 85 senses a specific magnet 80.

[0167] As illustrated in FIG. 8, it can be seen that any
one lifter 50 is located to face the induction module 400
when the sensor 85 senses the magnet 80 located at the
lowermost portion of the drum 300. Therefore, the drum
heating amount by the induction module 400 may be re-
duced at the position at which the lifter 50 faces the in-
duction module 400, and may be increased when the
lifter 50 deviates from the position. For example, the out-
put of the induction module 400 may be interrupted, or
the output of the induction module 400 may be main-
tained at a normal level.

[0168] The magnet 80 may be disposed at the same
position as the lifter 50, regardless of what is illustrated
in FIG. 8. In this case, sensing the position of the magnet
80 may be the same as sensing the position of the lifter
50. However, in this case, it may be difficult to drive the
induction module 400, which is of chief importance. Al-
though it is possible to vary the output of the induction
module 400 within a very short time, it is not easy to vary
the output of the induction module 400 simultaneously
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with sensing of the magnet 80. This is because the an-
gular area occupied by the lifter 50 may be greater than
the angular area occupied by the magnet 80. The position
of the magnet 80 may be defined by a specific angle, but
the angle of the lifter 50 may be defined by a specific
angular range, rather than a specific angle.

[0169] Therefore, in consideration of a time required
to change the output and the angular area occupied by
the lifter 50, the position of the magnet 80 may be cir-
cumferentially spaced apart from the lifter 50 by a pre-
determined angle in order to more accurately vary the
output of the induction module 400. In addition, the ac-
ceptable delay time may change based on the drum
RPM.

[0170] It is necessary for the magnet 80 to rotate to-
gether with the drum 300. Therefore, the magnet 80 may
be provided on the drum 300. In addition, the sensor 85
for sensing the magnet 80 may be provided on the tub
200. Thatis, in the same manner as the manner in which
the drum 300 rotates relative to the fixed tub 200, the
magnet 80 may rotate relative to the fixed sensor 85.
[0171] FIG. 9 illustrates control elements for grasping
the position of the lifter 50 by sensing the position of the
magnet 80.

[0172] A main controller 10 or a main processor of the
laundry treatment apparatus controls various operations
of the laundry treatment apparatus. For example, the
main controller 10 controls whether or not to drive the
drum 300 and the rotational speed of the drum. In addi-
tion, a module controller 20 may be provided to control
the output of the induction module under the control of
the main controller 10. The module controller may also
be referred to as an induction heater (IH) controller or an
induction system (IS) controller.

[0173] The module controller 20 may control the cur-
rent applied to an induction drive unit, or may control the
output of the induction module. For example, when the
controller 10 issues a command to operate the induction
module to the module controller 20, the module controller
20 may perform control so that the induction module op-
erates. When the induction module is configured to be
simply repeatedly turned on and off, a separate module
controller 20 may not be required. For example, the in-
duction module may be controlled so as to be turned on
when the drum is driven and to be turned off when the
drum stops.

[0174] However, in the present embodiment, the in-
duction module may be controlled so as to be repeatedly
turned on and off while the drum is being driven. That is,
a point in time for control switching may very quickly
change. Therefore, the module controller 20 may be pro-
vided to control the driving of the induction module, sep-
arately from the main controller 10. This also serves to
reduce the burden of the processing capacity of the main
controller 10.

[0175] The sensor85 may be provided in various forms
as long as it is capable of sensing the magnet 80 and
transmitting the sensing result to the module controller
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20.

[0176] The sensor 85 may be a reed switch. The reed
switch is turned on when a magnetic force is applied by
a magnet and is turned off when the magnetic force dis-
appears. Thus, when the magnet is positioned as close
as possible to the reed switch, the reed switch may be
turned on due to the magnetic force of the magnet. Then,
when the magnetbecomes far away from the reed switch,
the reed switch may be turned off. The reed switch out-
puts different signals or flags when turned on and off. For
example, the reed switch may output a signal of 5V when
turned on, and may output a signal of 0V when turned
off. The module controller 20 may estimate the position
of the lifter 50 by receiving these signals. Conversely,
the reed switch may output a signal of OV when turned
on, and may output a signal of OV when turned off. Since
the period during which magnetic force is sensed is long-
er than the period during which no magnetic force is
sensed, the reed switch may be configured to output a
signal of OV when detecting the magnetic force.

[0177] The module controller 20 may acquire informa-
tion on the drum RPM via the main controller 10. Then,
the module controller 20 may grasp the angle between
the lifter 50 and the magnet 80. Thus, the module con-
troller 20 may estimate the position of the lifter 50 based
on the signal of the reed switch 85. Of course, the module
controller 20 may vary the output of the induction module
based on the estimated position of the lifter 50. The mod-
ule controller 20 may cause the output of the induction
module to become zero or to be reduced at a position at
which the lifter 50 faces the induction module. This may
remarkably reduce unnecessary energy consumption in
the portion in which the lifter 50 is mounted. Thereby,
overheating in the portion in which the lifter 50 is mounted
may be prevented.

[0178] The sensor 85 may be a hall sensor. The hall
sensor may output different flags when sensing the mag-
net 80. For example, the sensor 85 may output Flag "0"
when sensing the magnet 80, and may output Flag " 1"
when sensing no magnet.

[0179] Ineither case, the module controller 20 may es-
timate the position of the lifter 50 based on the magnet
sensing signal. Then, the module controller 20 may var-
iably control the output of the induction module based on
the estimated position of the lifter 50.

[0180] On the other hand, the magnets may not be
used in the same manner as the lifters. This is because
the lifters may be disposed atthe same interval from each
other, and therefore, when the position of a specific lifter
is detected, the positions of the other lifters may be es-
timated with high accuracy. That is, regardless of what
is illustrated in FIG. 8, two of the three magnets may be
omitted.

[0181] Generally, the main controller 10 of the washing
machine is aware of the rotation angle of the drum and/or
the rotation angle of the motor 700. Assuming that the
motor 700 and the drum rotate integrally and that the
rotation angle of the motor 700 is the same as the rotation
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angle of the drum, the positions of the three lifters may
be grasped by grasping the position of one magnet.
[0182] For example, the drum may rotate at 1 RPM
and the lifter may be located at a position at which the
drum rotates by 60 degrees relative to one magnet. It
can be seen that, when the sensor 85 senses the magnet
80, the lifter is located at the position to which the drum
further rotates by 60 degrees (i.e., the position to which
the drum further rotates in 10 seconds). Similarly, it can
be seen that a second lifter is located at a position cor-
responding to a point in time at which 10 seconds have
passed, and that a third lifter is located at a position cor-
responding to a point in time at which 10 seconds have
passed.

[0183] That is, the main controller 10 may grasp the
positions of the three lifters based on information on one
magnet sensed by the sensor 85. Thus, the main con-
troller 10 may control the module controller 20 to variably
control the output of the induction module based on the
positions of the lifters 50.

[0184] In this way, according to the embodiments de-
scribed above, the output of the induction module may
be reduced or set to zero at a point in time at which the
lifter faces the induction module or for a time period during
which the drum rotates, and the normal output of the in-
duction module may be maintained when the lifter devi-
ates from the position or the range at which it faces the
induction module.

[0185] Therefore, unnecessary energy waste and
overheating in the portion in which the lifter 50 is mounted
may be prevented. Of course, since a conventional drum
and lifter may be used without modification, it can be said
that the present invention is very economically advanta-
geous.

[0186] It is to be noted that, in the embodiments de-
scribed above with reference to FIGs. 8 to 10, a separate
sensor and a separate magnet are necessary in order to
grasp the positions of the lifters. Although the positions
of the lifters may be grasped using any other type of sen-
sor, the provision of a separate sensor for grasping the
position of the lifter may be necessary in any case.
[0187] The separate sensor for grasping the position
of the lifter may complicate the manufacture of the laun-
dry treatment apparatus and may increase manufactur-
ing costs. This is because a sensor or a magnet, which
is unnecessary in a conventional laundry treatment ap-
paratus, needs to be additionally provided. Moreover, the
shape or structure of the tub or the drum also needs to
be modified in order to accommodate such an additional
component.

[0188] Hereinafter,embodiments that may achieve the
above-described objects without requiring a separate
sensor and a magnet will be described in detail.

[0189] FIG. 11 illustrates a partial development view
of the inner peripheral surface of the drum. As illustrated,
various embossing patterns may be formed on the inner
peripheral surface of the drum. These embossments may
be formed in various forms, such as convex emboss-
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ments that protrude in the inward direction of the drum
and convex embossments that protrude in the outward
direction of the drum. The shape of the embossments
may be selected from any of various shapes. It is to be
noted that the embossing patterns are generally equally
and repeatedly repeated in the circumferential direction
of the drum.

[0190] As with the embossments, through-holes are
generally formed in the drum and serve to allow wash
water to move between the inside and the outside of the
drum.

[0191] The embossing patterns may be omitted in the
portion of the circumferential surface of the drum in which
the lifter is mounted. This is because the lifter may be
easily mounted when the inner peripheral surface of the
drum maintains a constant radius from the center of the
drum. In other words, in the portion in which no lifter is
mounted, the inner peripheral surface of the drum exhib-
its a great change in the radius thereof.

[0192] The embossments are formed such thata large
portion thereof protrudes into the drum. That is, the area
of the protruding portion is relatively large. This is be-
cause the area of the inner peripheral surface of the drum
may increase due to the embossments that protrude into
the drum, which may increase the frictional area between
the laundry and the inner peripheral surface of the drum.
[0193] Assuming a drum having no embossments and
having the same radius of the inner peripheral surface
thereof, it can be said that the drum always faces the
induction module with the same area and the same dis-
tance regardless of the rotation angle thereof.

[0194] However, the area and the distance by which
the drum faces the induction module necessarily vary
according to the rotation angle of the drum. The reason
that the area and the distance by which the drum faces
the induction module necessarily vary according to the
rotation angle of the drum is due to the presence or ab-
sence of the embossing patterns or variation in the em-
bossing patterns described above. That is, the shape of
the drum that faces the induction module may inevitably
vary.

[0195] FIG. 12 illustrates changes in the current and
output of the induction module 400 depending on the
rotational angle of the drum.

[0196] It can be seen that the current and the output
of the induction module vary according to the rotation
angle of the drum. In other words, it can be seen that the
current and the output are greatly reduced at a specific
point in time or at a specific angle.

[0197] The position of the lifter may be estimated with-
out a separate sensor based on a change in the current
sensed in the induction module or a change in the output
of the induction module. For example, the current or out-
put of the induction module may vary when the drum
rotates while the induction module maintains a constant
output.

[0198] In the state in which the induction module is
controlled to have the same current or output via feed-
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back control, the current or the output is reduced when
the portion of the drum in which the lifter is mounted faces
the induction module. This is because the area and the
distance by which the drum faces the induction module
may become the shortest at the corresponding portion.
Therefore, the position of the lifter mounting portion may
be estimated based on a change in the current or the
output (power) of the induction module depending on a
change in the rotation angle of the drum.

[0199] By estimating the position of the lifter mounting
portion, the output (power) of the induction module at the
lifter mounting position may be controlled to be 0, or may
be significantly reduced.

[0200] Referring to FIG. 12, it can be estimated that
the lifters are positioned respectively in the section of
approximately 50-70 degrees, in the section of approxi-
mately 170-190 degrees, and in the section of approxi-
mately 290-310 degrees based on 360 degrees. For ex-
ample, it can be estimated that the lifters are positioned
in three angular sections while the induction module
starts to drive and the drum rotates one revolution. Of
course, in order to more accurately grasp the positions
of the lifters, the positions of the lifters may be corrected
by repeating the same process multiple times.

[0201] Then, when the estimation of the positions of
the lifters is complete, the output of the induction module
may be variably controlled based on the positions of the
lifters during a subsequent drum rotation.

[0202] Through the embodiments described with ref-
erence to FIGs. 8 to 12, the heating efficiency may be
enhanced and overheating of the lifter may be prevented
without special modifications of the drum or the lifter.
[0203] Hereinafter, a control method according to an
embodiment of the present invention will be described in
detail with reference to FIG. 13. The presentembodiment
may be applied to the embodiments described above with
reference to FIGs. 4 to 7 as well as the embodiments
described above with reference to FIGs. 8 to 12. This is
because overheating of the lifter mounting portion may
be prevented via control of the induction module, in ad-
dition to prevention of overheating of the lifter mounting
portion using a structural scheme.

[0204] First, driving of the induction module 400 starts
(S10) in order to heat the drum as needed. This drum
heating may be performed in order to dry the laundry
inside the drum or to heat the wash water inside the tub.
Thus, the induction module 400 may be driven when a
drying operation or a washing operation is performed.
The induction module 400 may also be driven during a
dehydration operation. In this case, since the drum ro-
tates at a very high speed, the drum heating amount may
be relatively small, but the dehydration effect may be
further enhanced since the removal of water by centrif-
ugal force and the evaporation of water by heating are
performed in a complex manner.

[0205] Once driving of the induction module 400 has
started, it is determined whether or not an end condition
is satisfied (S20). When the end condition is satisfied,
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the driving of the induction module 400 ends (S30). The
end condition may be the end of the washing operation,
or may be the end of the drying operation. However, the
end of the driving S30 may be a temporary end, rather
than a final end in one washing course or drying course.
Thus, the induction module may be repeatedly turned on
and off.

[0206] Once driving of the induction module 400 has
started, the induction module 400 may be controlled to
perform normal output until the driving of the induction
module 400 ends (S30). That is, the induction module
400 may be controlled to have a predetermined output,
and may be controlled via feedback for more accurate
output control. Thus, the driving of the induction module
400 may include controlling the induction module to the
normal output in by module controller.

[0207] In order to solve the overheating problem in the
portion in which the lifter is mounted, the control method
may include sensing the position of the lifter when the
drum rotates (S50). Specifically, it may be determined
whether or not the lifter is positioned so as to face the
induction module (i.e. whether or not the lifter faces the
induction module at the closest position). The sensing of
the position of the lifter may be continuously performed
while the drum is being driven. Of course, the induction
module may not be continuously driven while the drum
is being driven. For example, in a rinsing operation, the
drum may be driven, but the induction module may not
be driven. In addition, although the driving of the drum is
continued in a washing operation, which is subsequently
performed after the heating of wash water ends, the in-
duction module may not be driven.

[0208] Therefore, the position of the lifter may be de-
tected after the induction module is driven. That is, the
detection of the position of the lifter may be performed
under the assumption that driving of the induction module
starts.

[0209] Oncethe position ofthe lifter has been detected,
it may be determined whether or not the lifter is at a spe-
cific position. Thatis, it is determined whether the output
istobereduced ortobe setto 0 (S60). When it is detected
that the lifter is positioned to face the induction module,
acondition under which the outputis reduced orbecomes
zero is satisfied. Thus, the output of the induction is re-
duced or is set to 0 (S80). On the other hand, when it is
detected that the lifter is not positioned to face the induc-
tion module, the induction module is maintained at the
normal output (S70).

[0210] By repeating the steps described above, the
output of the induction module may be controlled so as
to be reduced when the lifter is positioned to face the
induction module, and may be controlled to perform nor-
mal output when the lifter is not positioned to face the
induction module. Thus, it is possible to prevent over-
heating of the lifter mounting portion and increase energy
efficiency by a controllable method.

[0211] Thecontrol of the output of the induction module
depending on the position of the lifter may not always be

10

15

20

25

30

35

40

45

50

55

16

performed. That is, while the drum is driven and the in-
duction module is driven, the output may be continuously
maintained at a constant value regardless of the position
of the lifter. That is, the control described above may be
omitted when the risk of overheating of the lifter may be
ignored.

[0212] To this end, it may be determined whether or
not the sensing of the position of the lifter and the control
of the output of the induction module are required in order
to avoid overheating of the lifter (S40). This determination
may be performed before sensing the position of the lifter.
[0213] For example, when the drum rotates at a high
rotation speed, for example, 200 RPM or more, the drum
heating amount generated in the lifter mounting portion
is relatively small because of the high rotational speed
of the drum. Of course, the drum rotation speed is so
high that the area and time of contact between the drum
and laundry are relatively large. This is because, in this
case, the laundry is not moved by the lifter, but is in close
contact with the inner peripheral surface of the drum.
[0214] Thatis, the control of the drum heating amount
depending on the position of the lifter may be meaning-
less at a specific RPM or more at which the drum is spin-
driven, rather than driven to perform tumbling.

[0215] Accordingly, the determination of whether or not
to apply a lifter heating avoidance logic may be very ef-
fective. Of course, the conditions applied at this step may
include various other conditions as well as the RPM. For
example, when the drum is heated in a drying operation,
agreatamountof heat is transferred to the laundry. Thus,
overheating may occur in a portion of the lifter that is not
in contact with the laundry. On the other hand, when the
drum is heated in the state in which wash water is ac-
commodated in the tub and a portion of the outer periph-
eral surface of the drum is immersed in the wash water,
heat is mostly transferred to the wash water. This may
be true of the lifter exclusion portion as well as the lifter
mounting portion.

[0216] Therefore, the condition for determining wheth-
er or not to apply the lifter heating avoidance logic may
be a process of determining the type of an operation. The
lifter heating avoidance logic may not be applied when a
washing operation is determined. Thus, the conditions
for applying the lifter heating avoidance logic may be var-
iously modified.

[0217] Meanwhile, the sensing of the position of the
lifter S50 may be performed in various ways. For exam-
ple, the sensor and magnet described above may be
used, or a change in the current or the output of the in-
duction module may be used without a sensor.

[0218] Through the above-described embodiments, it
is possible to prevent overheating of the lifter and to en-
hance energy efficiency. In addition, when the prevention
of overheating of the lifter is not necessary, heating by
the induction module may be utilized to the maximum
extent.

[0219] As is apparent from the above description, ac-
cording to an embodiment of the present invention, it is
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possible to provide a laundry treatment apparatus that
effectively prevents overheating from occurring in a lifter
providedin adrum, thereby enhancing safety and a meth-
od of controlling the same. In particular, it is possible to
provide a laundry treatment apparatus that faithfully
maintains the basic functions of a lifter and enhances
stability and a method of controlling the same.

[0220] According to an embodiment of the present in-
vention, it is possible to provide a laundry treatment ap-
paratus that is capable of preventing overheating from
occurring in a portion of a drum in which alifter is mounted
without changing the shapes of the drum and the lifter
and a method of controlling the same.

[0221] According to an embodiment of the present in-
vention, it is possible to provide a laundry treatment ap-
paratus that is capable of grasping the position of a lifter
and reducing the amount of heat generated in a portion
of the circumferential surface of a drum corresponding
to the lifter, thereby reducing energy loss and preventing
breakage of the lifter and a method of controlling the
same.

[0222] According to an embodiment of the present in-
vention, it is possible to provide a laundry treatment ap-
paratus that is capable of controlling the output of an
induction module to prevent overheating of a lifter regard-
less of the rotation angle of a drum, thereby enhancing
safety and efficiency and effectively utilizing the output
of the induction module and a method of controlling the
same.

[0223] According to an embodiment of the present in-
vention, it is possible to provide a laundry treatment ap-
paratus that is capable of uniformly heating a space in
which laundry is accommodated by performing heating
not only on a drum but also on a lifter. In particular, it is
possible to provide a laundry treatment apparatus that is
capable of preventing overheating of a lifter by lowering
the heating temperature of a portion of a drum in which
the lifter is mounted relative to that of a remaining portion
of the drum in which the lifter is not mounted and capable
of increasing heating efficiency by allowing heat transfer
through the lifter and a method of controlling the same.
[0224] According to an embodiment of the present in-
vention, it is possible to provide a laundry treatment ap-
paratus that is enhanced in stability and efficiency while
minimizing changes in the shape and structure of a con-
ventional drum and lifter and a method of controlling the
same.

The invention is further defined by the following items:

1. A laundry treatment apparatus comprising:

a drum configured to rotate within the laundry
treatment apparatus and to accommodate laun-
dry therein, the drum formed of a metal material;
an induction module configured to be spaced
apart from an outer circumferential surface of
the drum and configured to heat the drum via
induction using a magnetic field that is generat-
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ed in a state in which current is applied to a coil
in the induction module;

a lifter that is provided in the drum and that is
configured to revolve around the axis of rotation
of the drum and to agitate the laundry inside the
drum as the drum rotates; and

a module controller, comprising at least one
processor, thatis configured to control an output
of the induction module to control an amount of
heat generated at the circumferential surface of
the drum,

characterized in that the module controller is
configured to variably control the amount of heat
that is generated based on a position of the lifter
as the drum rotates.

2. Thelaundry treatmentapparatus according toitem
1, wherein the module controller is further configured
to perform control to generate a first amount of heat
in the drum based on the position of the lifter being
within a first threshold region around the induction
module, and to generate a second amount of heat,
greater than the first amount of heat, in the drum
based on the position of the lifter being outside of
the first threshold region around the induction mod-
ule.

3. Thelaundry treatmentapparatus according toitem
1 or 2, wherein the lifter is mounted on an inner sur-
face of the drum and protrudes inward into an interior
of the drum.

4.Thelaundry treatmentapparatus according toitem
3, further comprising:

a magnet provided in the drum at a first location
of the drum that is fixed relative to a mounting
location of the lifter, the magnet configured to
revolve around the axis of rotation of the drum
in accordance with the rotation of the drum; and
a sensor provided at a second location outside
the drum and configured to sense the position
of the lifter by sensing a change in a position of
the magnet as the drum rotates.

5. Thelaundry treatmentapparatus according toitem
4, wherein the sensor comprises at least one of a
reed switch or a hall sensor configured to generate
different outputs according to whether the magnet is
sensed by the sensor.

6. The laundry treatmentapparatus according toitem
4 or 5, wherein the lifter comprises a plurality of lifters
provided along a circumferential direction of the
drum,

wherein the magnet comprises a plurality of magnets
having a same number as the plurality of lifters so
that each of the plurality of magnets correspond to
a respective one of the lifters, and

wherein the sensor is configured to sense the posi-
tion of each of the plurality of magnets as the drum
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rotates, and to transmit an output to the module con-
troller.

7. Thelaundry treatment apparatus according toitem
4 or 5, further comprising a main controller, compris-
ing at least one processor, that is configured to con-
trol a driving of a motor that rotates the drum,
wherein the main controller is configured to commu-
nicate with the module controller.

8. The laundry treatment apparatus according toitem
7, wherein the lifter comprises a plurality of lifters
provided along a circumferential direction of the
drum,

wherein the magnet is provided only in a singular
number,

wherein the sensor is configured to sense the posi-
tion of the magnet as the drum rotates and to transmit
an output to the main controller, and

wherein the main controller is configured to estimate
the position of each of the plurality of lifters based
on the output of the sensor and based on a rotation
angle of the drum.

9. Thelaundry treatment apparatus according toitem
3, wherein the circumferential surface of the drum is
formed with an embossing pattern that is repeated
along the circumferential surface, except at a portion
of the circumferential surface of the drum on which
the lifter is mounted.

10. The laundry treatment apparatus according to
item 9, wherein the module controller is further con-
figured to estimate the position of the lifter based on
a change in power or current of the induction module
caused by presence or absence of the embossing
pattern passing by the induction module as the drum
rotates.

11. A method of controlling a laundry treatment ap-
paratus comprising: a drum configured to rotate with-
in the laundry treatment apparatus and to accommo-
date laundry therein, the drum formed of a metal ma-
terial; an induction module configured to be spaced
apart from an outer circumferential surface of the
drum and configured to heat the drum via induction
using a magnetic field that is generated in a state in
which currentis applied to a coil in the induction mod-
ule; a lifter that is provided in the drum and that is
configured to revolve around the axis of rotation of
the drum and to agitate the laundry inside the drum
as the drum rotates; and a module controller, com-
prising at least one processor, that is configured to
control an output of the induction module to control
an amount of heat generated at the circumferential
surface of the drum, the method comprising:

operating the induction module to generate the
magnetic field;

controlling, by the module controller, the induc-
tion module to generate a first output;
determining a position of the lifter as the drum
rotates; and
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determining whether to reduce, by the module
controller, the output of the induction module
from the first output to a second output based
on the position of the lifter that is determined.

12. The method according to item 11, wherein de-
termining whether to reduce the output of the induc-
tion module from the first output to the second output
is further based on at least one operating character-
istic of the laundry treatment apparatus other than
the position of the lifter.

13. The method according to item 12, wherein de-
termining whether to reduce the output of the induc-
tion module from the first output to the second output
comprises:

determining to reduce the output of the induction
module from the first output to the second output
based on arotational speed of the drum not exceed-
ing a threshold speed.

14. The method according to any one of items 11 to
13, wherein determining whether to reduce the out-
put of the induction module from the first output to
the second output based on the position of the lifter
comprises:

determining to reduce the output of the induction
module based on a position of the lifter being within
a threshold region around the induction module.
15. The method according to any one of items 11 to
14, wherein reducing the output of the induction mod-
ule comprises turning off the induction module.

16. The method according to item 11, further com-
prising sensing a value of current flowing in the in-
duction module or a power of the induction module,
wherein determining the position of the lifter com-
prises estimating the position of the lifter based on
a change in the value of the current or the power.
17. The method according to item 11, wherein the
laundry treatment apparatus further comprises:

a magnet provided in the drum at a first location
of the drum that is fixed relative to a mounting
location of the lifter, the magnet configured to
revolve around the axis of rotation of the drum
in accordance with the rotation of the drum; and
a sensor provided at a second location outside
the drum and configured to sense the position
of the lifter by sensing a change in a position of
the magnet as the drum rotates,

wherein determining the position of the lifter
comprises sensing the position of the lifter based
on an output value of the sensor.

18. The method according to item 11, wherein the
lifter comprises a plurality of lifters provided along a
circumferential direction of the drum at fixed inter-
vals,

wherein the laundry treatment apparatus comprises:
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a single magnet provided at a first location in the
drum that is fixed relative to a mounting location
of a first lifter among the plurality of lifters, and
that is configured to revolve around the axis of
rotation of the drum in accordance with the ro-
tation of the drum; and

a sensor provided at a second location outside
the drum and configured to sense a first position
of the first lifter by sensing a change in the po-
sition of the single magnet as the drum rotates,
and

wherein determining the position of the lifter
comprises sensing the first position of the first
lifter based on an output value of the sensor,
and estimating at least one second position of
aremaining at least one second lifter among the
plurality of lifters. based on a rotation angle of
the drum or arotation angle of amotorthatdrives
the drum.

19. The method according to item 11, wherein de-
termining whether to reduce the output of the induc-
tion module from the first output to the second output
is performed based on whether the position of the
lifter is within a threshold region around the induction
module.

Claims

A laundry treatment apparatus comprising:

a tub;

a drum configured to rotate within the tub and
to accommodate laundry therein, the drum
formed of a metal material;

an induction module provided on the tub and
configured to heat the drum via induction using
a magnetic field that is generated in a state in
which current is applied to a coil in the induction
module; and

at least one magnet provided on the drum, and
a sensor provided on the tub and configured to
sense the magnetbased on rotation of the drum,
and

at least one lifter provided on the drum,
wherein the sensor is provided at an opposite
position to a position of the induction module on
the tub.

The laundry treatment apparatus according to claim
1, wherein the at least one lifter includes a plurality
of lifters,

wherein the at least one magnet includes a plurality
of magnets, and

wherein the plurality of magnets is disposed between
the plurality of lifters.
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The laundry treatment apparatus according to claim
1, wherein the at least one magnet is disposed at a
portion of the at least one lifter.

The laundry treatment apparatus according to claim
1, wherein the induction module is configured to start
operation when the drum is being driven.

The laundry treatment apparatus according to claim
4, wherein the induction module is configured to be
turned on and off repeatedly while the drum is being
driven.

The laundry treatment apparatus according to claim
5, wherein the induction module is configured to be
turned off at a point in time at which the at least one
lifter faces the induction module while the drum is
being driven.

The laundry treatment apparatus according to claim
5, wherein the induction module is configured to be
turned on when the at least one lifter deviates from
a range at which the at least one lifter faces the in-
duction module while the drum is being driven.

The laundry treatment apparatus according to claim
4, wherein the induction module is configured to be
reduced adrum heatingamount ata position atwhich
the at least one lifter faces the induction module.

The laundry treatment apparatus according to claim
8, wherein the induction module is configured to be
increased when the at least one lifter deviates from
the position at which the at least one lifter faces the
induction module.

The laundry treatment apparatus according to claim
4, wherein the induction module is configured to be
turned off at least one time at one rotation of the
drum.

The laundry treatment apparatus according to claim
4, wherein the induction module is configured to be
driven discontinuously while the drum is being driv-
en.

The laundry treatment apparatus according to claim
4, wherein the induction module is configured to be
turned on continuously when a rotational speed of
the drum exceeds a predetermined speed.

The laundry treatment apparatus according to claim
12, wherein the predetermined rotational speed of
the drum is 200RPM.

The laundry treatment apparatus according to claim
6, wherein the induction module is configured to be
turned on continuously without being turned off even
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if the at least one lifter is at a point in time at which
the at least one lifter faces the induction module un-
der a washing operation course.

The laundry treatment apparatus according to claim
6, wherein the induction module is configured to be
turned on continuously without being turned off even
if the at least one lifter is at a point in time at which
the at least one lifter faces the induction module
when the drum is spin-driven.
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FIG. 1
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FIG. 13
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